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Abstract 
In 2001/2002 a retail survey of the prevalence of Salmonella in minced pork, purchased in 
butchers' shops and supermarkets has been conducted. Also the distribution supply chain of fresh 
minced pork meat from slaughterhouse to retail in Denmark was mapped. Among a total of 2,172 
samples, 46 (2.1 %) were Salmonella positive. In 2,151 samples of Danish ongm and in 18 samples 
of Imported meat, 1 8% and 39% were posit1ve for Salmonella, respectively The Salmonella 
detection rates were significantly higher in minced pork packaged in atmosphenc air as compared 
to MAP (P = 0.014). Samples taken from butchers' shops showed a Salmonella prevalence of 
approx. 3.5% compared to a prevalence of approx. 0.7% for samples taken from supermarkets 
selling pre-packed meat and approx. 1.6% in samples from supermarkets approved for meat 
process1ng. The distribution analysis showed that butchers' shops traded more frequently with 
slaughterhouses having low levels of Salmonella than the supermarkets. Thus, the h1gher 
Salmonella prevalence 1n butchers' shops could not be explained by their trading patterns and 
may, therefore, be due to poorer hygiene standard as Indicated by Significantly (P = 0.004} higher 
levels of faecal enterococci in the minced pork samples compared to supermarkets. 
Introduction 
Pork meat IS a substantial source of human Salmonella Infections in Denmark accounting for 10 to 
20% of all Salmonella cases. An outbreak, in 1993, lead to the implementation of a Salmonella 
control program aiming at reducing the consumer nsk from Danish fresh pork. The program 
includes serolog1cal classification of slaughter pig herds into three Salmonella infection levels, 
sanitary slaughter of pigs from herds belonging to the highest infection level, and Salmonella 
surveillance of fresh meat at the slaughterhouse. Fresh meat surveillance data from 2001/2002 
showed an overall Salmonella prevalence of 1.7% with 1 8% positive carcasses from the large 
export-authorized slaughterhouses, 1.1% from medium-sized slaughterhouses and 0.6% from 
small slaughterhouses only approved for the domestic market. Thus, the surveillance data suggest 
that meat from the small slaughterhouses may be safer for the consumer compared to meat from 
the other two groups of slaughterhouses. The small- and medium-sized slaughterhouses are 
expected to provide up to 40 to 50% of the fresh pork at retail but no solid data on the distribution 
of pork meat to retail are available. Therefore, a survey of the prevalence of Salmonella 1n retail 
butchers' shops and supermarkets was initiated where also the distribution supply cham of fresh 
mmced pork meat from slaughterhouse to retail in Denmark was established. 
Materials and methods 
In eleven geographiC reg1ons in Denmark, samples of at least 300 g minced pork meat were taken 
from butchers' shops as well as supermarkets with and without approval for meat process1ng. Each 
sample was accompan1ed by a questionnaire for registering of country of origin, type of reta1ler, 
type of supplier and type of packaging. For m1crob1ological analyses, samples were transported to 
the Reg1onal Food AdminiStration Centres. Twenty-five-gram-samples where analysed for 
Salmonella by standard enrichment procedures. Furthermore, quantitative enumeration of faecal 
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enterococci was performed on all samples using the method described in NMKL no. 68, second 
edition {1992). 
Results 
Salmonella prevalence. A total of 2,172 minced pork samples were collected and analysed for the 
presence of Salmonella. As shown in Table 1, 99% (2,151) of the samples were of Danish origin 
and 0.8% (18) originated from imported pork meat, primarily from the Netherlands (11) and 
Germany (5). 
Table 1. Detection of Salmonella spp. in minced pork meat collected at retail level in 
Denmark in 2001 and 2002. 
Salmonella detection 
95% confidence 
No. of No. of Prevalence interval {%} 
Origin samples positives {%} Lower u~~er 
Danish 2,151 39 1.8 1.3 2.5 
Imported 18 7 38.9 17.3 64.3 
Unknown 3 0 0 0 70.8 
Total 2,172 46 2 .1 1.6 2.8 
Among the samples of Danish origin 457 were from butchers' shops and 1,275 and 405 were from 
supermarkets with and without meat processing, respectively (Table 2). The prevalence of 
Salmonella was significantly (Maximum Likelihood Test, P = 0.018) higher in minced pork meat 
from butchers' shops compared to the supermarkets approved for meat processing, whereas 
comparison of supermarkets with and without approval for meat processing revealed no statistical 
ditrerence (P = 0.182). 
Table 2. Detection of Salmonella in Danish minced pork meat samples collected in 
butchers' sho~s or su~ermarkets in 2001 and 2002. 
Salmonella detection 
Meat 95% confidence 
process1ng No. of No. of Prevalence interval {%} 
Retailer approval eos. neg. {%) Lower u~~er 
Butchers' shops Yes 16 441 3.5 2.01 5.62 
Supermarkets Yes 20 1255 1.6 0 .98 2.45 
No 3 402 0.7 0.15 2.15 
Unknown 0 14 
Retail supply chain. The distribution network of fresh minced pork, from slaughter to retail, was 
established for the samples. Retail suppliers were divided into categories according to the1r 
authorization for slaughter and/or cutting of fresh meat as well as their organizational association 
(Table 3). Three main retai l supply routes were identified. Six percent of pork meat was supplied 
directly from slaughterhouses, which were authorized only for slaughter, 36% from 
slaughterhouses authorized for slaughter as well as cutting and 45% were distributed from 
specialised cutting plants to the retai lers. As seen in Table 3, each of these three routes could be 
divided further into three different categories, dependent on authorization and organizational 
association. Butcher's shops traded more frequently with suppliers approved for the domestic 
market (21 %) compared to supermarkets (3%) in general (P < 0.001 ). For supermarkets. without 
approval for meat processing, the 92% of the samples originated from Damsh Meat Association 
(DMA) members. In the supermarkets, approved for meat processing, this same tendency was 
observed with approx. 70% supplied by DMA members, whereas the major suppliers for butcher's 
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shops were the medium-s1zed export approved companies outside the DMA represented by 52.5 
%of the samples (Table 3). 
Table 3. Distribution of the reta1l suppliers of fresh minced pork samples, of Danish ong1n, 
collected 1n butchers' shops and supermarkets in Denmark in 2001 and 2002. 
Type of retailer 
Supermarkets 
With meat W1thout meat 
Supplier, authonzation and organization Butchers' shops processing processing 
Slaughter 
Export- members of DMA3 0 % 0.7 % 0 % 
Export- other than DMA membersb 9.6 % 1.3 % 0 % 
Domesticc 7.9 % 0.9 % 1.0 % 
Slaughter & cutting 
Export - members of DMA 11 4 % 26.8 % 26.9 % 
Export - other than DMA members 33.3 % 4.6 % 1.0 % 
Domest1c 7.2 % 1.3 % 0.5 % 
Cutt1ng 
Export- members of DMA 5.7 % 42.0 % 65.4 % 
Export- other than DMA members 9.6 % 3.2 % 07 % 
Domestic 5.9 % 1.2 % 05 % 
Other<l 2.0 % 4.5 % 1.5 % 
Unknown 7.4 % 13.5 % 2.5 % 
• Danish Meat Association {large enterpnses) 
b Export authorized slaughterhouses outside DMA (medium s1zed enterprises) 
• Slaughterhouses approved for the domestiC market (small s1zed enterpnses) 
d Th1s category covers samples that were delivered from other types of suppliers e g. wholesalers 
Retail hygiene level. Counts of faecal enterococci in the minced pork samples from the three 
different types of retailers were determined and used as an indication of faecal contamination. As 
shown in Table 4, faecal enterococci were detected to a significantly higher extent in meat samples 
from butchers' shops compared to supermarkets with (Maximum Likelihood Test, P = 0.004) and 
without meat processing (P < 0.001 ). Also the concentrations of faecal enterococci were observed 
to be significantly (Chi-square Test, P = 0.008) higher for the samples taken 1n butchers' shops 
(Table 4). 
Table 4. Detection and concentration of faecal enterococci in Danish minced pork 
samples collected in butchers' shops and supermarkets in 2001 and 2002. 
Concentration of 
faecal enterococci 
(CFU g·1) 
Not detected 
Detected 
<100 
100-999 
1.000 - 9.999 
10.000 - 99.999 
>100.000 
Type of retailer 
Butchers' 
shops 
266 
156 
10.3 
558 
30 1 
3.9 
0 
- % 
% 
% 
% 
% 
Supermarkets 
With meat Without meat 
processing processing Total 
804 294 1,364 
332 55 543 
13.6 % 63.6 % 17.7 % 
66.6 % 29 1 % 59.7 % 
17 8 % 73 % 20 3 % 
1.5 % 0 % 2.0 % 
0.6 % 0 % 0.4 % 
Among a total of 1,919 samples, Salmonella was detected more frequently in those of the samples 
also harbouring faecal enterococci (Max1mum Likelihood Test, P < 0.001 ). The prevalence of 
Salmonella was 1 1% (95% C.l : 0.6% - 1.8%) 1n samples w1th less than 100 faecal enterococci per 
gram and 4 4% (95% C.l.: 2.7%- 6.8%) m samples with 100 or more faecal enterococci per gram. 
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Packaging. Of the collected samples of Danish ongm, 20% (434) were packed in modified 
atmosphere (MA) and 4% {91) were L-packed, i.e. produced from meat with low in1t1al microbial 
level , MA-packed and kept refrigerated at max. 2•c . The rest of the samples were packed in 
atmospheric a1r A significantly h1gher number of the samples packed m atmosphenc air were 
Salmonella pos1tive {Fisher's exact test, P = 0.014). Also the occurrence of faecal enterococci was 
significantly h1gher in these samples {Chi-square Test, P < 0.001) compared to the MA-packed 
samples. As shown in Table 5, a significantly higher proportion of the samples, packed in 
atmospheric air and collected from butchers' shops, had concentrations of faecal enterococci 
above 1.000 CFU g·1 (Ch1-square Test, P = 0.004). 
Table 5. Prevalence and concentration of faecal enterococci m Dan1sh mmced 
pork samples , packed m atmospheric a1r, and collected 1n 2001 and 2002 
Supermarkets with meat 
Faecal enterococci Butchers' shops processmg 
Prevalence (%) 37 (95% C. I : 33- 42) 32 (95% C.l : 29- 35) 
Concentraion (CFU g' 1) 
<100 66.8 o/o 71 7 o/o 
100-999 20 8 o/o 21 7 o/o 
1.000 - 9.999 10.9 % 5.9 % 
10 000- 99.999 1 4 o/o 0.5 o/o 
>100.000 0 o/o 0.2 % 
Discussion 
In the present survey, Salmonella was detected 1n 39 samples of minced pork of Dan1sh ongm 
corresponding to an overall prevalence of 1.8% (Table 1 ). Samples taken from butchers' shops 
accounted for 21 o/o of all samples but 41 o/o of the Salmonella positive samples . correspond1ng to a 
prevalence of 3 5% (Table 2) in meat from th1s type of retailer The correspondmg prevalence was 
1.6% for samples taken from supermarkets approved for meat processing and 0.7% for 
supermarkets without this approval From the rout1ne surveillance of fresh pork m Denmark, it is 
known that the prevalence of Salmonella on p1g carcasses was two- to three-fold higher for export-
authonzed slaughterhouses compared to slaughterhouses authorized for the domestic market in 
2001 /2002. As more than 70% of the samples, taken from supermarkets, were traced back to 
export-authorized compan1es (Table 3), it was expected to find the highest prevalence of 
Salmonella m samples from supermarkets. However, this was not the case, which could indicate a 
different hygienic level between butchers' shops and supermarkets, e g resulting in higher degree 
of cross-contamination and/or growth of Salmonella m butchers' shops. As 1t was confirmed, that 
Salmonella was found more frequently in minced pork samples also harbounng faecal enterococCI, 
the presence of these organ1sms 1n the meat was used as a parameter for comparison of the 
hyg1ene levels between the retailers. Faecal enterococci were detected in significantly more 
samples as well as 1n h1gher concentrations 1n m1nced pork from butchers' shops (Table 4), 
mdicatmg poorer hyg1ene m these shops As the prevalence of Salmonella and faecal enterococci 
was s1gn1ficantly lower in MA-packaged m1nced pork compared to samples packaged 1n 
atmosphenc a1r and the proportion of MA-packaged samples were higher in the case of 
supermarkets , th1s could , in part. explain the difference in Salmonella prevalence between 
butchers' shops and supermarkets However, when companng only the samples packaged in 
atmosphenc a1r, s1gn1ficant1y h1gher concentrations of faecal enterococci m samples from butchers' 
shops were revealed compared to those from supermarkets (Table 5) 
Conclusions 
Samples taken from butchers' shops m 2001 /2002 accounted for 21 % of all samples but 41% of 
Salmonella positive samples result1ng m a prevalence of 3 5% m mmced pork from th1s type of 
retailer The correspondmg prevalence was 0 7% for samples taken from supermarkets without 
meat processmg and 1 6% for mmced pork from supermarkets approved for meat process1ng This 
d1fference could not be traced back to the different supply routes observed for butchers' shops and 
supermarkets. Rather, the difference was a result of a poorer hygieniC standard m butchers' shops 
as Indicated by significantly higher levels of faecal enterococci in the m1nced pork samples 
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